Significance of mononuclear phagocytes in IgA nephropathy. To clarify the significance of mononuclear phagocytes in IgA nephropathy, renal biopsied materials from 45 patients with the disease were examined by the indirect immunoperoxidase method using anti-human monoclonal antibodies and by ultrastructural peroxidase (P0) cytochemistry. The monoclonal antibodies were FMC32, S-l00(a), My4, and LeuM5 for detection of mononuclear phagocytes and H LA-DR for Ta antigens. Mesangial hypercellularity in IgA nephropathy was divided into three grades. The number of monocyte/macrophages per glomerulus differed 2% paraformaldehyde, pH 7.4) so'ution [16] and subjected to immunoelectron microscopy. Fourteen PLP-fixed specimens were examined by the combined method of ultrastructural P0 cytochemistry and immunoelectron microscopy. For controls, renal biopsy was performed in eight patients with localized renal cell carcinoma or those nephrectomized due to traffic accident.
significantly among the grade of mesangial hypercellularity. In the capillary lumen, monocytes were more numerous in the group with slight mesangial hypercellularity. By contrast, macrophages were often found in the Bowman's space and mesangial area of the glomeruli in the advanced group. In the renal interstitium, the number of monocyte/ macrophages per 100 interstitial cells differed significantly among the degree of interstitial damage, and they were observed mainly around sclerotic glomeruli. Ultrastructural P0 cytochemistry revealed infiltration of monocytes, exudate macrophages, and/or P0-negative macrophages. Clinicopathological study showed a relationship between the number of nionocyte/macrophages per glomerulus and the number of glomerular crescents and the degree of proteinuria. The constancy of the percentage of exudate macrophages and polymorphonuclear leukocytes were observed irrespective of the grade of niesangial hypercellularity. On the other hand, the increasing percentage of P0-negative macrophages and decreasing percentage of monocytes were observed over the grade. These results suggest that mononuclear phagocytes might play an important role in the pathogenesis of mesangial hypercellularity, and irreversible glomerular damage and interstitial tissue injury in IgA nephropathy, IgA nephropathy, first reported by Berger and Hinglais [11, is a common chronic glomerulonephritis characterized by predominantly mesangial deposition of IgA. Since Jones [2] first reported that monocyte/macrophages might be involved in human glomerulonephritis, many immunohistochemical, enzyme cytochemical, and electron microscopic studies have been performed to identify the monocyte/macrophages in the renal tissue, mainly in the glomeruli of various types of human and experimental glomerulonephritis [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . In previous studies of IgA nephropathy, the occurrence of monocyte/macrophages in the glomeruli was reported to be variable [3, 4, [6] [7] [8] [9] [13] [14] [15] because of the difficulty in identifying monocyte/macrophages in the renal tissue. Hence, the relationship between the intraglomerular or interstitial infiltration of monocyte/macrophages and the degree of mesangial hypercellularity or interstitial damage remain unclear. As yet no attempt has been made to elucidate the type of monocyte/macrophages in renal tissue by ultrastructural peroxidase (P0) cytochemistry. For these reasons, this study is designed to identify and quantify monocyte/ macrophages in renal tissue biopsy from patients with IgA nephropathy by immunohistochemistry using anti-human macrophage monoclonal antibodies, and to classify them by the combined method of immunoelectron microscopy and ultrastructural P0 cytochemistry.
Methods

Materials
Biopsied specimens from the kidneys of 45 patients with IgA nephropathy were examined. The ratio of males to females was 21 to 24; ages ranged from 18 to 66 years (average 42.3).
Patients with nephropathy of liver disease, nephritis of Henoch-SchOnlein purpura, nephropathy of systemic lupus erythematosus or other systemic diseases were excluded from this study. All specimens were processed routinely for light and electron microscopy and for immunofluorescence by the standard method. Clinical parameters including proteinuria, urinary red blood cell counts, serum creatinine, serum urea nitrogen, serum levels of immunoglobulins and complement, 24-hour creatinine clearance test, phenolsulfophthalein test, and systolic and diastolic blood pressures were determined in all patients routinely before renal biopsy. The degree of mesangial hypercellularity, and interstitial damage, the number of glomerular crescents, adhesions, proportion of sclerotic glomeruli and the intensity of immunoglobulin and complement deposits were determined for each biopsy independently by four investigators. In addition, a part of each biopsy specimen was submitted to immunoperoxidase staining with anti-human monoclonal antibodies, and a part of 34 renal biopsy specimens was fixed by 2% periodatelysine-paraformaldehyde (PLP, 0.01 M Na104, 0.075 M lysine, Table 1 .
Methods
Immunohistochemistry and cytochemistry Light microscopy. For the identification of monocyte/macrophages in renal tissue, unfixed or PLP-fixed frozen sections [16] were processed by the following method. Frozen sections were cut 6 pm thick by cryostat (Bright, Huntingdon, UK), air-dried, and stored at -80°C until use. Prior to staining, these sections were washed in chilled 0.01 M phosphate buffered saline (PBS) pH 7.4. After inhibition of endogenous P0 activity by the procedures of Isobe et a! [17] , immunohistochemistry was performed using the monoclonal antibodies. The specimens were then incubated with FMC32 at a dilution 1:150, My4 at a dilution 1:100, LeuM5 at a dilution 1:1, S-100(a) at a dilution 1:200 or HLA-DR at a dilution 1:100 in PBS for 90 minutes in a moist chamber. The sections were washed again with PBS and incubated with species-specific sheep anti-mouse immunoglobulin [F(ab')2] conjugated with P0 (Amersham Co., Amersham, UK) for 30 minutes. After washing with PBS, the final reaction was achieved by incubating the sections with 3,3'-diaminobenzidine (Sigma, St. Louis, Missouri, USA) and substrate (0.5 mg/ml Tris-HCI buffer, pH 7.6, containing 0.01% H202) for 15 minutes. Then, the sections were counter-stained with hematoxylin for ten seconds and mounted with resin. The specificity of the positive staining of FMC32, My4, LeuM5, S-100(a) and HLA-DR was confirmed by staining spleen sections and peripheral blood prepared by the same method as the renal biopsy specimens.
Immunoelectron microscopy. To clarify the localization of monocyte/macrophages in the renal tissue, we used immunoelectron microscopy and submitted sections to the same procedures as for light microscopy with some modification. Thirtyfour of the renal biopsy specimens were fixed by PLP solution for four hours, washed with PBS containing a graded series of sucrose (10%, 15%, 20%), and rinsed in PBS containing 20% sucrose and 10% glycerol for one hour. After that, the tissues were embedded in OCT compound (Miles, Elkhart, Indiana, USA), frozen in dry ice-acetone, cut 6 sm thick by a cryostat, and dried in air. After inhibition of endogenous P0 activity in renal tissue, the sections were incubated with these monoclonal antibodies for four hours, and subsequently with the speciesspecific anti-mouse immunoglobulin [F(ab')2] conjugated with P0 for two hours. After this reaction, these sections were fixed in 1% glutaraldehyde in 2 mi cacodylate buffer (pH 7.4) for 10 minutes, and washed thoroughly. Reaction with DAB was carried out by the same way as for the light-microscopic immunoperoxidase method. After washing in PBS, these sections were fixed in osmium tetroxide, dehydrated in a graded series of ethanol, and embedded in Epok 812. Ultrathin sections were examined with an H-300 electron microscope (Hitachi, Tokyo, Japan).
Ultrastructural P0 cytochemistry. Ultrastructural P0 cytochemistry was performed to examine monocytes and to determine the type of macrophages in renal tissue. In humans and in several animal species, macrophages are known to show four different localization patterns of P0 activity [18] [19] [20] [21] [22] [23] . Exudate macrophages contain P0-positive granules like monocytes. In resident macrophages, P0 activity is localized in the nuclear envelope and rough endoplasmic reticulum. In exudateresident macrophages, P0 activity is localized in the nuclear envelope, rough endoplasmic reticulum, and granules. In P0negative macrophages, P0 activity was absent [18] [19] [20] [21] [22] [23] .
Combined ultrastructural P0 cytochemistry and immunoelectron microscopy with FMC32. PLP-fixed renal specimens were examined by immunoperoxidase staining with FMC32 without inhibition of endogenous P0 activity and were then submitted to the method of Graham and Karnovsky [24] . The number of P0-positive or P0-negative cells showing a positive reaction for FMC32 on the cell membrane was counted in ultrathin sections.
Evaluation of immunostained sections
The presence of immunoreactive cells in both the glomeruli and renal interstitium was examined. FMC32-, MY4-, LeuM5-, or HLA-DR-positive cells were scored positive only when they displayed positive immunoreactivity on the cell membrane. S-lOO(a)-positive cells were scored positive only when they disclosed a positive cytoplasmic staining. In the glomeruli, semi-quantitative and light microscopic analysis was performed by the enumeration of immunoreactive cells per glomerulus in at least eight glomeruli (average 12.4 glomeruli). In the renal interstitium, the number of immunoreactive cells per 100 interstitial cells was counted in at least fifteen areas (average 25.6 areas) at magnification of 400 x. In serial sections, cells reactive with different monoclonal antibodies were enumerated in the same areas. The distribution of monocytes and/or macrophages in the glomeruli and interstitium was observed. The type of macrophage was examined in at least one glomerulus (average 1.42 glomeruli), and the number of each type of macrophage was calculated in at least fifteen areas of the interstitial renal tissue (average 23.1 areas) at magnification of 2000x. The number of immunoreactive cells, the percentage of distribution of monocyte/macrophages and the number of each type of macrophages were recorded and averaged among the three investigators. 
. Grading of mesangial hypercellularity or renal interstitial damage, and intensity of immuno globulin and complement deposits in glomeruli
To investigate the relationship among the grading of mesangial hypercellularity (Mes-Grade) and renal interstitial damage (mt-Grade), we divided the Mes-Grade and mt-Grade into three grades as summarized in Table 2 . The intensity of immune deposits in the mesangial lesions was scored asto + + +. For statistical analysis, subjective evaluations were given on a five grade scale: --0, 1, + = 2, ++ = 3, and +++ = 4.
Statistical analysis
The data are reported as mean standard error of the mean (suM). Comparisons of the means of groups were analyzed by the Wilcoxon non-parametric test. Correlation was determined by Spearman's test. P < 0.05 was statistically significant.
Results
Infiltration of monocytelmacrophages in the renal tissue of
IgA nephropathy and controls Figure 1 shows the numbers of FMC32-positive, My4-positive, LeuM5-positive, and S-100(a)-positive cells. A direct linear correlation was noted in each immunoreactive cell group. Since My4, LeuM5, and S-l00(a) reacted not only with monocyte/macrophages but also with some of the polymorphonuclear leukocytes, the number of immunoreactive cells for these monoclonal antibodies was more than that for FMC32. In the controls, the mesangial cells were not stained by FMC32, My4, LeuM5 and S-l00(tw), immunohistochemically. Since FMC32 reacts specifically with the cell membrane of monocyte/macrophages, we applied it to the detection of monocyte/macrophages and enumerated FMC32-positive cells as the number of monocyte/macrophages.
In the control kidneys, a few FMC32-, My4-, LeuM5-, or S-l00()-positive cells were observed in the capillary lumen of the glomenili ( Fig. 2A) but not in the mesangial area or Bowman's capsule. In the renal interstitial tissue, FMC32-, My4-, LeuM5-, or S-l00(a)-positive cells were observed around small vessels and in the interstitial matrix, most of them spindle-shaped or round (Fig. 2B) . The mean number of FMC32-positive cells per glomerulus and per 100 interstitial cells was 1.32 0,094 and 0.014 0.003, respectively.
In the glomeruli, HLA-DR reacted intensely positively to the endothelial cells of the glomerular capillaries and to a few cells in the mesangial area (Fig. 2C, D) . In the renal interstitium, HLA-DR reacted intensely positively to the endothelial cells of the small vessels and to a small number of spindle-shaped or round cells.
Correlation between intraglomerular infiltration of monocytel
macrophages and degree of mesangial hypercellularily The distribution of FMC32-, My4-, LeuM5-, or S-100(a)positive cells varied with glomeruli or cases. FMC32-, My4-, LeuM5-, or S-l00(a)-positive cells tended to appear in hypercellular mesangial lesions with or without increased matrices ( Fig. 3) . Therefore, we attempted to analyze the correlation between the mean number of FMC32-positive cells per glomerulus in each Mes-Grade ( Table 3 ). The number of FMC32positive cells per glomerulus of Mes-Grade I averaged 1.00 0.077, which was significantly less than that of the controls (P < 0.025). By contrast, the mean number of FMC32-positive cells per glomerulus of Mes-Grade 2 (2.21 0.153) or Mes-Grade 3 (3.85 0.462) was significantly higher than that of the controls (P < 0.005). The mean number of FMC32-positive cells per glomerulus tended to parallel the Mes-Grade grading.
Infiltration of monocyte/macrophages in the glomeruli studied by the combined method of ultrastructural P0 cytochemistry and immunoelectron microscopy The infiltration of monocyte/macrophages and the type of infiltrating macrophages in the glomeruli were examined by the combined method of immunoelectron microscopy using FMC32 and ultrastructural P0 cytochemistry. Figure 4 shows the emergence of monocyte/macrophages in the glomeruli of each Mes-Grade of IgA nephropathy and in the controls. In the control kidneys, monocytes alone were observed in the capil- lary lumen, but there were no macrophages in the mesangial area. In the Mes-Grade 1 group, 52% of monocyte/macrophages were located in the lumen of glomerular capillaries, 39% of these cells in the Bowman's space, and remainder (9%) in the masangial areas. In the Mes-Grade 2 to 3 group, monocyte! macrophages in the capillary lumen decreased down to approximately 40%, while they increased up to about 40% in the Bowman's space and to 19% in the mesangial area. In the cellular crescentic lesions, macrophages were detected sparsely in all cases of IgA nephropathy. As for the type of infiltrating macrophages, we found P0-negative macrophages (Fig. 5A) , exudate niacrophages (Fig. 5B) , and monocytes (Fig. SC) , but no resident macrophages or exudate-resident macrophages. Figure 6 shows the rate of monocyte/macrophages and the type of macrophage in each Mes-Grade. In the controls, the rate of monocytes and exudate macrophages was 36.5% and 37.5%, respectively. The percentage of P0-negative macrophages and polymorphonuclear leukocytes was 13.2% and 12.8%, respectively. The percentage of exudate macrophages and polymorphonuclear leukocytes were observed constantly regardless of the grading of the Mes-Grade, but the percentage of P0- Correlation among intraglomerular monocytelmacrophages, intensity of immunoglobulin deposits, and complement in glomeruli as well as clinical manifestations A nearly linear correlation between the number of FMC32positive cells per glomerulus and the degree of proteinuria (r = 0.387, P < 0.05), and the number of cellular crescents (r = 0.799, P < 0.005) was observed. However, the number of FMC32-positive cells per glomerulus did not correlate with the staining intensity of IgA, other immunoglobulins or with complement in glomeruli. Moreover, we found no significant correlation among the number of FMC32-positive cells per glomerulus and the number of adhesions, the degree of sclerosis, or with clinicopathological parameters including urinary red blood cell counts, serum creatinine, serum urea nitrogen, serum levels of immunoglobulins, complement, 24-hour creatinine clearance, phenolsulfophthalein test, and blood pressure. Two patients of Mes-Grade 3 became in the end-stage renal failure within two years, but other patients are not in the condition of renal failure. 
Infiltration of monocytelmacrophages in the renal interstitium
In IgA nephropathy, the mean number of FMC32-positive cells per 100 interstitial cells was significantly higher in the mt-Grade groups than in the controls (Tnt-Grade 1; 0.056 0.029, P < 0.05, Tnt-Grade 2; 0.074 0.013, P < 0.005, Tnt-Grade 3; 0.154 0.018, P < 0.005). Immunoelectron microscopy revealed monocyte/macrophages in the interstitium were observed mainly around sclerotic glomeruli (Fig. 7 ).
Discussion
Although various methods have been applied to identify monocyte/macrophages in human renal tissues, immunohistochemistry using anti-human macrophage monoclonal antibodies is the most reliable [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Recently, there have been many studies using the immunoperoxidase method to identify monocyte/macrophages in the renal tissues. However, this method has some technical problems: for example, difficulty of conducting a perfect inhibition of endogenous P0 activity, or possible cross reaction of some anti-macrophage monoclonal antibodies to cells other than macrophages. For these reasons, quantitative analysis has been difficult. However, FMC32 monoclonal antibody, used in the current study, is excellent because it reacts specifically to the cell membrane of monocyte/ macrophages alone. We employed the combined method of immunoelectron microscopy with FMC32 and ultrastructural P0 cytochemistry to identify monocytes and the type of macrophage.
In the Mes-Grade 1 group, the number of FMC32-positive cells infiltrating the glomeruli was significantly lower than that of the controls. Previous investigators noticed inhibition of the reticuloendothelial cell function of IgA nephropathy [25-271and the absence of macrophages in the glomeruli of human IgA nephropathy [13] . Taking these results together with ours, it appears that certain derangements in mononuclear phagocyte function may occur during specific times in the course of IgA nephropathy.
On the other hand, the present study revealed that intraglomerular monocyte/macrophages infiltrated more prominent in the high-degree of mesangial hypercellularity than in low-grade group and that interstitial infiltration of monocyte/macrophages was always prominent in high-grade of interstitial damage.
Immunoelectron microscopic examination on the localization of monocyte/macrophages in the renal tissues showed that intraglomerular infiltration of monocyte/macrophages in the highgrade group of mesangial hypercellularity was increased in the Bowman's space and in the mesangial areas. Intraglomerular monocyte/macrophages were found more numerously in the mesangial areas with mesangial hypercellularity than in the cellular crescents. In addition, infiltration of monocyte/macrophages was observed in the interstitium around the segmentally or entirely sclerotic glomeruli, accompanied by infiltration of polymorphonuclear leukocytes and/or lymphocytes. These findings suggest that intra-or extraglomerular infiltration of monocyte/macrophages is implicated in the progression of mesangial injury leading to glomerular sclerosis.
In the present study, no foam cells or phagocytosis of immune deposits were observed in the renal tissue of patients with IgA nephropathy. Moreover, there was no significant correlation between the degree of immunoglobulin and complement deposition, especially of IgA, and the number of monocyte/macrophages in the glomeruli. Previous studies have revealed that monocyte/macrophages participate essentially in various types of human proliferative glomerulonephritis, particularly as a non-specific inflammatory response [10, 28] . In the present study, however, we found no evidence to support the view that infiltrating intraglomerular macrophages act as 'scavenger cells" by phagocytosing immune deposits in the glomeruli.
Finally, by applying the combined method of ultrastructural P0 cytochemistry and immunoelectron microscopy using FMC32 for typing of macrophages, we confirmed the infiltration of monocytes, exudate macrophages, and P0-negative macrophages, but no resident or exudate-resident macrophages, in the renal tissue of patients with IgA nephropathy. Interestingly, the percentage of P0-negative macrophages increased in the highdegree of mesangial hypercellularity, and constancy of the percentage of exudate macrophages and polymorphonuclear leukocytes were observed in the glomeruli in each grade of mesangial hypercellularity. Moreover, the percentage of monocytes were decreased regardless of the histological grading of mesangial hypercellularity. From these results, monocytes in the glomeruli become exudate macrophages and lose P0positive granules to become P0-negative macrophages which accumulate in the high-degree of mesangial hypercellularity. In humans and animals, P0-negative macrophages are known to appear in elicited or activated conditions and to be functionally activated [18, 21, 22] . In the present cases, HLA-DR-positive cells increased in the high degree of mesangial hypercellularity, which seems to be reflected mainly by the increase of P0negative macrophages. The relationship between accumulation of monocyte/macrophages, especially P0-negative macrophages, and the proliferation of mesangial cells in patients with IgA nephropathy is unknown. Since such elicited or activated macrophages are known to secrete specific cytokines, such as interleukin-l and interleukin-6 [20, 29-3 1], capable of reacting as factors to induce mesangial proliferation, these cells are considered to be involved in the production of mesangial hypercellularity, in the induction of HLA-DR antigens in nonendothelial cells, and in the resulting mesangial injury, all of which finally lead to glomerulosclerosis.
In summary, infiltration of monocyte/macrophages in the glomeruli was not prominent in the low degree of mesangial hypercellularity of IgA nephropathy, but it became marked with the high degree of mesangial hypercellularity, accompanied by mesangial hypercellularity and glomerular sclerosis. Infiltration of monocyte/macrophages in the renal interstitium was marked in cases associated with prominent interstitial damage, particularly around the sclerotic glomeruli. These results suggest that monocyte/macrophages might play an important role in the process of mesangial hypercellularity, glomerular sclerosis, and interstitial damage in IgA nephropathy.
